Introduction
Cystic fibrosis places children at risk for undernutrition and poor weight gain resulting from an energy imbalance caused by chronic lung disease, acute pulmonary infections, and malabsorption of dietary fat (>85% of patients are pancreatic insufficient). Achieving normal growth and nutrition is a stated goal of cystic fibrosis treatment. Poor nutritional status has been found to be associated with poor health outcomes of decreased pulmonary functioning over time, poorer recovery from pulmonary exacerbations, and decreased survival time. To offset the energy requirements of the disease and achieve optimal nutritional status, it is recommended that children with cystic fibrosis consume a high-energy diet of 120 to 150% of the recommended daily allowance (RDA) of energy, with 40% of calories derived from fat.
Most research studies report that children with cystic fibrosis are not achieving these dietary recommendations and are not achieving normal growth and nutritional status. Assessment of dietary intake of children with cystic fibrosis has been conducted using weighed diet records and reported for toddlers, preschool children, and schoolaged children. In each study the findings are strikingly similar: Children with cystic fibrosis are consuming approximately the same number of calories as their same-age peers and achieving a little more than 100% of the RDA for energy and only 33% of calories derived from fat [1] [2] [3] [4] . Thus, children with cystic fibrosis are not eating less than their peers, but they are not meeting the cystic fibrosis dietary recommendations. In a sample of 35 infants and toddlers, Powers et al. [2] found only 11% of the sample achieved 120% of the RDA. In a sample of 32 preschoolers, only 20% were achieving 120% of the RDA, and in a sample of 28 school-aged children, only 34% were consuming 120% of the RDA for their age group [3,5 •• ]. Powers et al.
[6] did a more in-depth examination of the oral intake in their sample of infants and toddlers and found that despite the recommendations for a high-fat diet, infants and toddlers with cystic fibrosis consumed fruit more than any other food group and drank less milk than the children without cystic fibrosis in the control group. They also found that skipping meals and forgetting enzymes were common in this age group. Only the Wisconsin Neonatal Screening program, a clinical trial that provided standardized nutrition treatment, has found children with cystic fibrosis to be consuming near the cystic fibrosis dietary recommendations: an average of 118% of the RDA for energy [7] .
The Cystic Fibrosis Foundation (CFF) collects and annually reports on the nutritional status of children monitored in CFF-accredited cystic fibrosis centers. The data on weight for age percentile for children with cystic fibrosis demonstrates that they are unable to achieve normal growth. On average, children with cystic fibrosis achieve the 42nd weight for age percentile by age 4 years and then show a gradual decline across ages 6 through 12 years to an average 23rd weight for age percentile [8] .
It is clear from these data that despite the importance of achieving a high-energy, high-fat diet, this is not occurring through routine cystic fibrosis care and that children with cystic fibrosis are not attaining the goal of normal growth. Given our lack of success in achieving these goals, it is important to investigate the barriers that keep children with cystic fibrosis and their parents from achieving the cystic fibrosis dietary recommendation. This review examines behavioral and environmental barriers to dietary adherence in children with cystic fibrosis with particular emphasis on studies published within the past year.
Behavioral context of the dietary recommendations
It is important to keep the dietary guidelines for cystic fibrosis in the context of daily living. That is, it is important to note that the guidelines are in opposition to the low-fat diet proscribed for most Americans. This can make understanding and following the guidelines difficult in many family environments. Children with cystic fibrosis have reported getting conflicting messages from school, where the emphasis is on decreasing high-fat foods [9 • ]. Families may find it a challenge to keep high-fat foods in the house if other family members are using a low-fat diet for prevention of cardiac events, for obesity, or to maintain a healthful weight. The failure to stock and serve high-fat foods may increase the difficulty of getting a child with cystic fibrosis to gain weight because parents may be targeting increased volume of food instead of increasing the caloric density of the food served. Thus, they may be focusing on attempts to get their child to eat more instead of having the child eat higher-energy foods. In addition, because children with cystic fibrosis malabsorb dietary fat even when using pancreatic replacement enzymes, they are susceptible to conditioned taste aversions in which a high-fat food is associated with a negative physical response such as stomach ache, diarrhea, or both [10] . The association of adverse physical symptoms with food ingestion has long been demonstrated to lead to avoidance of the offending food [11] .
Behavioral factors affecting dietary adherence: self report of mealtimes Within the context described above, it is noteworthy that one recently published study [9 • ] using in-depth interviews reported that children with cystic fibrosis between the ages of 6 and 14 years described eating foods they did not like as 'a chore' and that girls with cystic fibrosis in particular liked 'lighter foods' and expressed a desire to be thin. Parents of these children reported they increased their focus on getting their child with cystic fibrosis to eat a high-fat diet when their child was failing to gain or was losing weight. Under these conditions, parents described their efforts to get their child to eat as 'battling,' and they reported using force feeding even though they did not find the strategy very effective. In another study focused on infants and toddlers aged 6-36 months, Mitchell et al.
[12 •• ] used the Behavioral Pediatrics Feeding Assessment Scale to assess parental perceptions of mealtimes with their child with cystic fibrosis. Parents of infants and toddlers with cystic fibrosis reported significantly more problem behaviors and a significantly greater frequency of problems during meals than did parents of same-age children without cystic fibrosis. Child problem behaviors reported by parents included whining and crying during the meal, delaying eating by talking, refusing meals, negotiating what the child will eat, having a poor appetite, not trying a new food, spitting out food, and getting up from the table. This study reflects and extends the findings of earlier studies that used parents' self reporting and checklists to assess the mealtime interactions of older children with cystic fibrosis and their parents. For example, using the same scale, Crist [13] found that parents of children with cystic fibrosis aged 1-7 years reported that their children choked or gagged at meals, took longer than 20 minutes to finish a meal, was reluctant to come to a meal, spit out food, and delayed eating by talking more frequently than parents of control children. Parents of preschool (age 2-5 years) and school-aged (age 6-12 years) children with cystic fibrosis have also reported 'dawdling' and 'refusing food' as more problematic than parents of same-age peers [3, 4] .
Behavioral factors affecting dietary adherence: direct observation of mealtimes
Although a parent's report tells us the parent's experience of the mealtime, it may not accurately reflect the reality of the behavioral exchange that occurs. To objectively capture the mealtime behaviors of parents and children, direct observation of mealtime is ideal. A recent study [5 •• ] extends our knowledge of parent and child behaviors during the mealtime by videotaping and then observing 28 school-aged children with cystic fibrosis aged 6-12 years and 28 same-age peers during three home meals using a behavioral coding system. In this study, the children with cystic fibrosis did not differ in the type or frequency of mealtime behaviors exhibited; however, parents of children with cystic fibrosis did differ from parents of the control children in that they gave more commands to eat, provided more coaxing to eat, gave more physical prompts such as loading the child's fork or moving the plate closer, and provided more reinforcement of eating. This study is similar to our previous reports of mealtime behavior in preschool children in terms of parent behavior, but different in terms of child behavior [14] . In a direct observation study of 32 preschool children with cystic fibrosis and 29 control children, the children did not differ on the types of behaviors exhibited but did differ on the frequency of these behaviors. Preschool-aged children with cystic fibrosis engaged in behaviors incompatible with eating such as talking, being away from the table, and refusing food more frequently than did children without cystic fibrosis. Similarly to the findings with school-aged children, parents of preschool-aged children gave more commands to eat, did more coaxing of their children to eat, gave more physical prompts, and fed their children more frequently than did parents of control children. In all age groups, the meals of the children with cystic fibrosis lasted longer than meals of the children without cystic fibrosis: by 4 minutes for infants and toddlers, 6 minutes for preschoolers, and 7 minutes for school-aged children [2] [3] [4] .
Effect of behavioral differences on family functioning during mealtimes
From the above studies it is clear that in general, children with cystic fibrosis are not behaving in a manner different from children without cystic fibrosis, but parents of children with cystic fibrosis are perceiving their child's behaviors differently and as more significant to their child's health than are parents of children without cystic fibrosis, as evidenced by the consistent difference reported by parents in self-report studies. From our observation studies it seems that parents of children with cystic fibrosis respond to child mealtime behaviors differently as well. That is, in both preschool and school-aged populations, parents respond to child behaviors incompatible with eating by escalating their attempts to get their child to eat through coaxing, prompting, commanding, and, with the preschoolers, even feeding. It is important to note that these behaviors were seen in the control parents as well, so they are not abnormal parent behaviors; however, the frequency of the use of these behaviors was significantly greater for parents of a child with cystic fibrosis, thus making the meals different from meals in families of a child without cystic fibrosis. This hypothesis has been explored in three studies examining family functioning at mealtimes in families of a child with cystic fibrosis during infancy and toddlerhood, preschool age, and school age. Using samples already collected as part of the behavioral observation studies, family functioning was examined using the McMaster Mealtime Interaction Coding System. This is a direct observation method that assesses overall family functioning and six specific dimensions of family functioning, including task accomplishment, communication, affect management, interpersonal involvement, behavioral control, and role allocation in an unstructured naturalistic situation of a mealtime. Families are observed during mealtimes and rated on a 7-point scale from 1 'very unhealthy' to 7 'very healthy' on the basis of specific criteria. Ratings of less than 5 are considered unhealthy and indicate problematic functioning. In all three studies, two published within the past year, families of infants and toddlers, preschool children, and school-aged children with cystic fibrosis scored significantly worse on communication, affect management, interpersonal involvement, behavioral control, role allocation, and overall family functioning than did the control families [12 •• ,15,16 •• ]. The only dimension on which the cystic fibrosis sample did not differ from the control sample was task accomplishment, and in the school-aged sample, role allocation. That is, the families of a child with cystic fibrosis were equally able to get the food on the table, and for school-aged children they were able to have the child engage in age-appropriate roles at the dinner meal (e.g. pouring their own milk). All other domains were compromised, however. The average rating for the families of the preschool-aged and schoolaged children with cystic fibrosis were all in the 'unhealthy' range, and the average rating for the control families for these samples were in the healthy range. In the infant and toddler sample, neither the cystic fibrosis group nor control groups had average ratings in the 'healthy' range, likely demonstrating the challenge this developmental period, with the normative issues of self feeding, neophobia to new foods, and variable appetites presented to all parents.
Conclusion
This review highlights the behavioral challenges inherent in the cystic fibrosis dietary guidelines. Children with cystic fibrosis have been found to consume similar number of calories and RDA for energy per day as children without cystic fibrosis but are unable to meet the cystic fibrosis dietary recommendations of 120% of the RDA or greater. Direct observation shows that children with cystic fibrosis and their parents are not engaging in behaviors that are different from those of children without cystic fibrosis and their parents; rather, they are engaging in similar nonproductive behaviors at a greater frequency. That is, over the course of the meal children show less interest in food, slow down the rate of taking bites, refuse food more frequently, and leave the table more often. In response, parents increase their efforts to encourage their child to eat by coaxing, prompting, commanding, and feeding. The difference between families of children with cystic fibrosis and other families is that the families of children with cystic fibrosis keep their children at the dinner table an average of 4-7 minutes longer, and both children with cystic fibrosis and their parents engage in these nonproductive behaviors at an increased frequency compared with families of children without cystic fibrosis. As shown in the studies of family functioning, this leads to compromised functioning at the dinner meal. That is, the typical management strategies used by parents to encourage eating are not effective for children with or without cystic fibrosis. For the child without cystic fibrosis, however, the limited use of these behaviors at mealtime is not harmful because the child is getting sufficient energy Nutrition in children with cystic fibrosis Stark and Powers 541 and is able to self-regulate his or her intake. For the child with cystic fibrosis, however, the mealtime represents more than a typical parenting task; it is also an illnessspecific task, and this adds special significance and importance to the meal that increases stress for parents and children and often leads to aversive parent-child interactions. If children with cystic fibrosis and their parents are to achieve the cystic fibrosis dietary recommendations, it is likely that they will need training and special skills to overcome these barriers and become partners in achieving their dietary goals. One interventional model that has received empirical support is behavioral intervention. Over the past 15 years, five studies have shown behavioral intervention to be effective in increasing caloric intake, percentage of RDA, and weight in children aged 4-12 [17-21] . The intervention focuses on setting calorie goals that gradually increase over a 7-9-week period and teaching parents and children strategies that make them partners in achieving their dietary goals. Parents are taught to acknowledge, compliment, and reward the child at each meal the calorie goal is met instead of coaxing, commanding, prompting, and feeding the child at meals when they do not eat. In addition, children with cystic fibrosis are taught the importance of dietary adherence through short-term rewards that are more easily understood and responded to by children than long-term health consequences. Therefore, parents and children are taught to identify mutually agreed-upon rewards for achieving daily and then weekly calorie goals. These techniques have been found to result in a better mealtime atmosphere, increased caloric intake, and weight gain and have strong implications for improving dietary adherence in children with cystic fibrosis. More recently, behavioral intervention has been adapted for young children with cystic fibrosis. Two clinical trials with infants and toddlers aged 18 months to 3 years have demonstrated increased energy intake and improved growth following behavioral intervention [22, 23] . In 2005, a model of care that can be applied from infancy to school age shows outstanding promise of addressing behavioral and environmental barriers to meeting the nutritional goals of cystic fibrosis care.
